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Abstract 
The modeling of various phenomena is used mainly in technology and science. The dynamic model, visualization of phenomena 
with models and animations make it easier for students to understand the examined problem. By changing one parameter in small 
increments students can observe changes in the entire system. Dynamic modeling can be used to present to pupils results of 
examples they would not able to analytically calculate themselves. 
The contribution presents dynamic modeling in physics developed by means of Hypertext Preprocessor PHP, particularly for the 
purposes of upper primary schools. 
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1. Introduction 
We can find computers in almost all fields of human activity. Studies show that more and more young people use 
a computer as a mean of communication and for „reduction of boredom“. The educational opportunities to use 
computer at primary school are therefore decreasing.  
Many teachers try to motivate their pupils to use the computer for meaningful purposes, such as to study the laws 
of physics. Even if today's young people work on computers ever more but they lack the necessary mathematical 
apparatus to understand the phenomena around us. The use of computer literacy for understanding of the phenomena 
is the basis of dynamic modeling, which does not require the knowledge of basic concepts of higher mathematics. 
This enables explanation of certain problems even to children in the school age. When we link those two aspects, it 
can be concluded, that the computer can be used as a tool for behavior modeling and development of various 
systems. We then convert the modeled situation into the graphs to clarify the relationship between the independent 
and dependent variable. The creating of the mathematical models and their refinement plays a very important part 
not only in current science but modeling is also suitable for using in the exposure and fixation phase of the lesson. 
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2. The Dynamic Modeling 
The method of the dynamic modeling enables us to follow the time development of selected variables of the 
investigated system.  
By the dynamic modeling, it is possible to present the research results to the pupils which they are not able to 
calculate analytically. They are aware of a part of the issue and they are able to define the scope of some variables. 
The pupils are able to judge themselves how a small change of the entry conditions can often reflect dramatically 
into the result. 
The lack of the necessary mathematical apparatus prevents the students and the pupils to understand some 
phenomena around us. If we use the mathematical apparatus to express phenomena, then we realize that we were 
forced to use the integrals and the derivatives. The students meet this part of mathematics at the 4th high school 
level or at university. That is why it is necessary to replace the missing ability by another form, such as dynamic 
modeling, especially by its output: graph. 
By changing of one variable after elementary steps, we can get values that are suitable for implementation into 
the graph. We try to choose the elementary step (increase, decrease) as small as possible in order to be able to 
consider the examined variable as invariant at a time. The smaller the elementary step is, the more accurate is the 
calculation, but then the calculation takes more time. 
The obtained values for the model situations are then converted into graphs, where the relationship between the 
independent and dependent variable can be seen clearly.  
It is necessary to know the basic equation for the given phenomena (such as the equation of motion, the 
relationship of the discharge of a capacitor...) and the initial conditions of some variables to be able to make the 
dynamic model. 
If we present the finished model to the pupil, he/she can pay attention to the actual problem, not to the model 
construction. However if he/she is able to construct a model, it gives additional value to the pupils’ education. 
It is possible to object that the dynamic modeling makes the real phenomena ideal and simplified. Every author 
should realize this fact and try to account all possibilities of changes of other parameters. 
We should remember that the goal of the dynamic model is not the use of the created program, but the analysis of 
the physical nature of the examined phenomena. 
The creation of mathematic models and their constant refinement plays very important part in the current science. 
3. The Dynamic Modeling in Teaching 
The models are used in all phases of the lesson (motivation, exposure, fixation, diagnosis, application). Most 
frequently, they are used in the exposure and fixation phases of the lesson. They also play a role in the motivation 
phase of the whole lesson, eventually only in discussed part of the topic. 
 The actual models and the process of their creation can also serve as an element that creates the cross-
curriculum relationships with other subjects (Computer Science, Physics, Mathematics, Chemistry, Economy, 
Sociology and Physical Education). 
 When we use the models, we have to work very carefully with the individual variables. We should change 
just one value, follow its development on the model and that by such elementary steps that are acceptable for the 
pupils, otherwise the pupils can be overwhelmed by information. 
4. Availability of the Created Models 
When creating any tool for teaching, it is good to think about how to enable its usage to the wider population. 
The Internet can be chosen as an appropriate medium for the spreading of the created support for teaching 
(Brady, 2004). 
Another aspect that has to be taken into account is the widely spread skeptical view on installing any unknown 
software in the one’s own computer. 
In such case, it comes into consideration to create a model in PHP (PHP: Hypertext Preprocessor is used to create 
a dynamic website, shown on PHP.net (2010) “PHP is a widely-used general-purpose scripting language that is 
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especially suited for Web development and can be embedded into HTML.”). For creating models in PHP, we do not 
need special programs such as Modellus (Teodoro, 2002). All we need only a Notepad. 
An internet browser will be enough to access such support without any installation of modules or programs. 
Another advantage of PHP is the support of XML files. It is possible to export the obtained values into XML file, 
but also to process the values saved in such file. The user can display XML file with the support of XSLT templates 
and completely change the extract of the content, which doesn’t actually change while doing so. Another advantage 
of XML is support to the spreadsheet processor. 
5. Examples 
Such examples of the model situations should be chosen with which the pupils are familiar from everyday life or 
movies. Alternatively, phenomenological situations which the pupil knows from his/her own experience can be 
chosen. In such case, it is possible to discuss with the pupils what happens when one parameter is changed. As it 
was mentioned above, we select such values for modeling at which the change in time occurs. 
5.1. Free fall of a parachutist with closed/open parachute – who jumps off a hot air balloon 
The model studies the motion of the parachutist after jumping off the balloon and the delayed opening of the 
parachute. It is focuses on the dependence of the size of the critical velocity of the ball. The jumps are made from 
the same height above the terrain – 6 000 meters, but at different altitudes. The difference of the altitude at the jump 
off of the parachutist is 2 000 meters. The output is the Figure 1. 
The influence of change of the air density together with the altitude is considered. The nearer the parachutist to 
the earth surface is, the higher the air density is. It is therefore a free fall in an environment with resistance. That is 
why the basic equations for this motion are used. 
In thy physical perspective, the whole problem is examined in terms of forces. The actual model therefore deals 
with the forces on x and y axis. In x-axis, it is only a resistance force of the environment. 
During the fall in the environment with resistance, the gravitational force (FG) and the force of resistance (FO) are 
acting on the falling object. 
 
gmFG
&&       (1) 
2
2
1
vSCF xO
&&  U     (2) 
 
The pupils at primary school can properly interpret the equations (1) and (2) from their own experience. On the 
model, we demonstrate for them the change of velocity (v) on other parameters. 
The net force (F) can be calculated as a sum of all forces acting on the object. We have to take into account the 
directions of the individual forces in relation to the co-ordinate system. 
We derive the acceleration from the Newton’s second law of motion (3): 
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The pupils at primary school can’t calculate this type of the equation, which is why we have to edit it ourselves 
and derive the acceleration like this (4): 
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The force of resistance applies in the y-axis and it is complemented by the gravitational force: 
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Because we know, that velocity (v) is changing over time, we have to create a model which follows this 
dependence and demonstrates it graphically. In our case, only the force (FO) will change. 
We express the acceleration of the object in the y-axis: 
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The dependence of the air density on the altitude: 
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Where: p0 = 101 325 Pa; atmospheric pressure at sea level 
  ρ0 – air density at the sea level 
  Δh – height above the sea level 
  g = 9,81 m·s-2; gravitational acceleration 
 
 
 
Figure 1. Free fall of parachutist with closed/open parachute – who jumps off a balloon 
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5.2. First drive of the ball with top/down spin and without spin 
The influence of the spin of the ball on the flight range is examined. That all in case, when we impart spin on the 
ball while initiating its movement. The model offers a graphical comparison of the flight range of the ball with top 
spin, down spin and without spin. 
In this case, we consider the resistance of the air without any wind. 
Even in this example are also used equations of motion (Newton's Laws), accompanied by Kutta-Žukovskij. 
Kutta-Žukovskij equation: 
 
ZSU  202 rwdFKutt    (9) 
Where: ρ – air density 
  d - diameter balls 
  w – velocity of air flow around the balls 
  r0 – diameter balls 
  ω – angular velocity of body in rotation 
 
The calculated force (FKutta) we add (in case of top spin) or subtract (down spin) from the active forces in the x 
and y axes 
Direct experience with the use of the presented models in classes will follow. 
Before the use of the models during the teaching, it was necessary to instruct the pupils with the basic principles 
of the creation of the graphs and their reading. Although the drawing of more values on one axis seemed that it 
might be confusing for the pupils, in reality it wasn’t the case. The individual actions and the consequent axis labels 
were in the same color for better orientation. The output is shown on the Figure 2. 
 
 
Figure 2. First drive of the ball with top/down spin and without spin 
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6. Experience with deployment of models in teaching 
The pupils of grade 7 of a primary school (According to the curriculum in the Czech Republic, sorted by topics in 
the Framework Education Program for Elementary Education FEP EE (2007), part Man and Nature - Physics) 
worked with the models in the chapter „Forces and their properties“. According to their surprising reactions, we 
suppose, that they have not realized the action of the forces on that simple, but very often used, instrument so far. 
Anyway, the feedback on this model was positive. In a parallel class, where the model was not used during the 
teaching, the demonstration of the new topic was more problematic. 
The models „Free fall of a parachutist with closed/open parachute – who jumps off a balloon“ and „Free fall of a 
parachutist with closed/open parachute – who jumps off an airplane“ were also applied in grade 7 in the chapter 
„Objects motion“. The critical velocity of the falling objects in an environment with resistance was emphasized. 
The model „First drive of the ball with top/down spin and without spin“ was also shown in the grade 7 in the 
chapter „Objects motion “. The pupils playing tennis and volleyball were especially interested in the trajectory of the 
flying ball with the subsequent bounce. 
The pupils appreciated the illustration, the simplicity and the brevity of the shown phenomena. The main benefit 
for them is the accessibility on the Internet. 
At universities, the models, their creation and their editing were used in the subject „Computers in Physics“. The 
source code and its subsequent modification were the topics discussed with the students. Another part of the 
discussion was the usage of the models at primary school. The acceptance of the students can be compared with the 
acceptance of the pupils. The conclusion of the conducted discussion can be summarized in the two following 
points: 
• The models can be considered as a convenient way of alternative means of teaching 
• The explanation of the courses by the teacher is always necessary 
7. Conclusion 
The creation of pictures in PHP is in general easy, as demonstrated in the example. It is necessary to choose the 
suitable parameters of the functions which we use. The drawing „point after point“ is selected most often to show 
the course of the dependence of the variables. 
The presented models and others in preparation are freely available on the web address http://modelace.ic.cz. 
Other physical phenomena that are suitable for modeling are: Ohm’s Law, thermal expansion of materials, the 
dependence of resistance of materials on temperature, the change of internal energy in dependence on temperature, 
the uniform motion, the uniformly accelerated motion, the hydrostatic pressure, the hydrostatic pressure force. 
The models are suitable for using in the exposure and fixation phase of the lesson. The pupils are then taught the 
skills of how to work with the graphs and they learn the individual courses of the values. We prepare an introduction 
of interactivity in the models, throughout the drawing parts. 
References 
Brady, L. (2004). The Role of Interactivity in Web-Based Educational Material. Usability News, 6(2). 
PHP.net (2010), PHP: Hypertext Preprocessor. [Electronic version]. Retrieved 20/11/2010, from http://www.php.net/ 
FEP EE (2007), Framework Education Programme for Elementary Education. [Electronic version]. Retrieved 20/11/2010, from 
http://www.vuppraha.cz/wp-content/uploads/2009/12/RVP_ZV_EN_final.pdf 
Potter, F. & Peck, Ch. (1989). Dynamic Models in Physics: A Workbook of Computer Simulations Using Electronic Spreadsheets Mechanics. 
ISBN 0962255610. 
Teodoro, V. (2002). Modellus: Learning Physics. Lisboa, Faculdade de Ciências e Tecnologia. Dissertations thesis. 
Petr Sládek and Jan Váleka / Procedia Social and Behavioral Sciences 12 (2011) 157–163 163
Appendices 
Pictures creation in PHP 
In order to create an image, it is possible to use PHP’s internal functions. The output is presented in Figure 3. 
At the beginning of each file, the header Header(), which includes the file type description, is always presented. 
The following function creates the canvas of given proportions ImageCreateTrueColor(). The created canvas has 
black background, which we change by ImageFill(). Further, the colours are defined by ImageColorAllocate(), 
most often with the help of RGB code (Red – Green - Blue). Next, we can start drawing any objects, for example a 
point by ImageSetPixel() or an ellipse by ImageEllipse(). We can also write some text by ImageString(). We can 
paint the created image by ImagePng(). In the end, it is necessary to free the used memory by ImageDestroy(). The 
list of functions for image creation is still not complete. We can for example rotate the image by any angle by 
ImageRotate(), draw a part of an circle by ImageArc(), print a text tilted by 90 ° ImageStringUp(). When it is 
necessary to print text with diacritics, we have to use the function ImageTTFText(). There are a lot of functions for 
the work with images in PHP. 
 
<?php 
 Header('Content-Type: image/png'); 
 
 $width = 80; 
 $height = 56; 
 $image = ImageCreateTrueColor($width, $height); 
 
 $black = ImageColorAllocate($image, 000, 0, 0);  
 $grey = ImageColorAllocate($image,220,220,220); 
 $x = 40; 
 $y = 30; 
 $diameter = 25; 
 $font_size = 3; 
 ImageFill($image, 0, 0, $grey); 
 ImageSetPixel($image, $x, $y, $black); 
 ImageEllipse($image, $x, $y, $diameter, $diameter, $black); 
 ImageString($image, $font_size, $x, $y, "ABC", $black); 
 ImagePng($image); 
 ImageDestroy($image); 
?> 
 
 
Figure 3. The output of the executed program according to the source code above. 
